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CLAIMS 

1 . A heat regulating\element comprising: 

a regulating element frame defining a fluid inlet and a fluid outlet; and 
5 a fluid conduit extending from said fluid inlet to said fluid outlet, wherein 

said fluid conduit defines a substantially cylindrical heat regulation 

Ml void ' and 

fqu sai 4 neat regulation void defines an inside diameter selected to 

H accommodate an object subject to heat regulation by said heat regulating 

l0 O element and a circumferential gas flow path between said object and said 

m fluid conduiU 



2]J A rotary spindle assembly icomprising: 
a rotary drive motor; 

a rotary spindle coupled said rotary drive motor; and 
a heat regulating element comprising 

2 a re 9 ulat 'ng eltement frame defining a fluid inlet and a fluid outlet; 

and 

0 a fluid conduit emending from said fluid inlet to said fluid outlet, 

wherein 

said kiid conduit defines a substantially cylindrical 
heat regulation void, and 

said heat regulation void defines an inside diameter 
selected to accbmmodate an outside diameter of said rotary 
spindle and a circumferential gas flow path between said 
rotary spindle and said fluid conduit. 



5 
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3. A rotary spindle assembly comprising: 
a rotary drive motor; 

a rotary spindle coupled to said rotary drive motor; 

a heat regulating element arranged about said rotary spindle and comprising 
a regulating element frame defining a fluid inlet and a fluid outlet; 

and 

I fluid conduit extending from said fluid inlet to said fluid outlet, 
wherein! 

said fluid conduit defines a substantially cylindrical 
heat regulation void, and 

said heat regulation void defines an inside diameter 
selected to accommodate an outside diameter of said rotary 
i spindle and a circumferential gas flow path between said 
Votary spindle and said fluid conduit; 
a liquid source coupled to said fluid conduit; 
a temperature sensor boupled to said rotary spindle assembly; and 
a controller coupled to laid liquid source and said temperature sensor, said 
controller being programmed ti be responsive to a temperature signal generated by 
said temperature sensor. 



4. A wafer processing assembly comprising: 
a rotary spindle assembly comprising 
a rotary drive motor, 

a rotary spindle doupled to said rotary drive motor, and 
a heat regulating eJement comprising a regulating element frame 
defining a fluid inlet, a fluidoutlet, and a fluid conduit extending from said 
fluid inlet to said fluid outlet\wherein said fluid conduit defines a 
substantially cylindrical heat regulation void, and said heat regulation void 
defines an inside diameter selected to accommodate an outside diameter 



- 14 of 32- 



Docket No. - MIO 0071 PA 



of said rotary spindle and a circumferential gas flow path between said 
rotary spindle and said fluid conduit; 
a wafer support secured to said rotary spindle so as to be rotatable therewith; 

and 

a wafer processing bowl arranged about said wafer support, said wafer 
processing bowl defining an exhaust gas flow profile of said wafer processing 
assembly. 



5. A wafer processing assembly comprising: 
a rotary spindle assembly comprising 
a rotary drive motor, 

a rotary\spindle coupled to said rotary drive motor, and 
a heat regulating element arranged about said rotary spindle and 
comprising a regVilating element frame defining a fluid inlet, a fluid outlet, 
and a fluid conduit extending from said fluid inlet to said fluid outlet, 
wherein said fluid conduit defines a substantially cylindrical heat 
regulation void, andteaid heat regulation void defines an inside diameter 
selected to accommodate an outside diameter of said rotary spindle and a 
circumferential gas flofy path between said rotary spindle and said fluid 
conduit; 

a liquid source coupled to said fluid conduit; 

a temperature sensor coupled to said rotary spindle assembly; 

a controller coupled to said liquid sburce and said temperature sensor, said 
controller being programmed to be responsive to a temperature signal generated by 
said temperature sensor; 

a wafer support secured to said rotary spindle so as to be rotatable therewith; 

and 

a wafer processing bowl arranged about said wafer support, said wafer 
processing bowl defining an exhaust gas flow profilfe of said wafer processing 
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assembly, whe)ein dimensions of said circumferential gas flow path between said rotary 
spindle and said\fluid conduit are selected to avoid substantial degradation of said 
exhaust gas flow profile. 



6. A method for regulating heat generated by a rotary spindle assembly comprising 
inputting a temperature signal generated by a temperature sensor and controlling a 
liquid source as a function \f said temperature signal, wherein said rotary spindle 
assembly comprises: 

a rotary drive motor; 

a rotary spindle coupled\to said rotary drive motor; 

a heat regulating element arranged about said rotary spindle and comprising 
a regulating fyement frame defining a fluid inlet and a fluid outlet; 

and 

a fluid conduit extending from said fluid inlet to said fluid outlet, 
wherein 

Juid conduit defines a substantially cylindrical 
heat regulation void, and 

said heW regulation void defines an inside diameter 
selected to accommodate an outside diameter of said rotary 
spindle and a circumferential gas flow path between said 
rotary spindle and\said fluid conduit, wherein said liquid 
source is coupled ta said fluid cohduit, said temperature 
sensor is coupled toteaid rotary spSdle assembly. 



7. A method of processing a wafer in a wafer processing assembly comprising inputting 
a temperature signal generated by a temperature sensor, controlling a liquid source as 
a function of said temperature signal, and establishing dimensions of a circumferential 
gas flow path between a rotary spindle and a fluid condukto avoid substantial 
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degradation of an exhausraas flow profile, wherein said wafer processing assembly 
comprises: \ 

a rotary spindle assembly comprising 



a rotary drive motor, 

said rotary spindle coupled to said rotary drive motor, and 
a heat regulating element arranged about said rotary spindle and 
comprising a regulaiing element frame defining a fluid inlet, a fluid outlet, 
and said fluid conduit extending from said fluid inlet to said fluid outlet, 
wherein said fluid conduit defines a substantially cylindrical heat 
regulation void, and said heat regulation void defines an inside diameter 
selected to accommodate an outside diameter of said rotary spindle and 
said circumferential gas flow path between said rotary spindle and said 
fluid conduit, wherein said liquid source is coupled to said fluid conduit 
and said temperature sensor is coupled to said rotary spindle assembly; 



a wafer support secured to said\rotary spindle so as to be rotatable therewith; 
and \ 

a wafer processing bowl arranged about said wafer support, said wafer 
processing bowl defining said exhaust gas flow profile of said wafer processing 
assembly. \ 



8. A heat regulating flange comprising: \ 
an upper surface; \ 
a lower surface; \ 

a flange body defined between said upper surface and said lower surface; 
a passage extending through said flange body from said upper surface to said 
lower surface; \ 
a fluid inlet; \ 
a fluid outlet; \ 
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a fluid duct defined in said fl^ige body and extending from said fluid inlet to said 
fluid outlet; and \ A. — 

a temperature sensor positioned in thermal communication with said flange body 
proximate said passage. 



one^in 



9. A rotary spindle assembly comprising: 
a rotary drive motor; 

a rotary spinqjle coupled to said rotary drive motor; and 
a heat regular(ng flange secured to said rotary drive motor, said flange 
comprising 

an upper surfac^, 
a lower surface, 

a flange body defined between said upper surface and said lower surface, 
a rotary spindle passage aligned about said rotary spindle and extending through 
said flange body from said upper surface to said lower surface, 
a fluid inlet, 
a fluid outlet, 

a fluid duct defined in sai^l flange body and extending from said fluid inlet to said 
fluid outlet, and 

a temperature sensor positioned in thermal communication with said flange body 
proximate said rotary spindle passage. 



10. A rotary spindle assembly comprisir 
a rotary drive motor; 

a rotary spindle coupled to said rotaVy drive motor; 
a heat regulating flange secured to ss^id rotary drive motor, said flange 
comprising 

an upper surface, 
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surface, 



a lower surface in contact with said rotary drive motor, 
a flange body defined between said upper surface and said lower 




a rotary spindle passage aligned about said rotary spindle and 
extending through said flange body from said upper surface to said lower 
surface, \ 



fluid inlet to said fluidWitlet, and 

a temperature Censor positioned in thermal communication with 
said flange body proximate said rotary spindle passage; 
a liquid source coupled to said fluid duct; and 

a controller coupled to said liquid source and said temperature sensor, said 
controller being programmed to be responsive to a temperature signal generated by 
said temperature sensor. \ 

1 1 . A wafer processing assembly comprising: \ 
a rotary spindle assembly comprising \ 



a rotary drive motor, \ 
a rotary spindle coupled to said ratary drive motor, and 
a heat regulating flange secured toNsaid rotary drive motor, said 
flange comprising an upper surface, a lowervsurface, a flange body 
defined between said upper surface and said lower surface, a rotary 
spindle passage aligned about said rotary spinate and extending through 
said flange body from said upper surface to said loyver surface, a fluid 
inlet, a fluid outlet, a fluid duct defined in said flange body and extending 
from said fluid inlet to said fluid outlet, and a temperature sensor 



a fluid inlef\ 
a fluid outlel, 

a fluid duct defined in said flange body and extending from said 
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positioned in thermal communication with said flange body proximate said 
rotary spindle passage; 
a wafer support secured to said rotary spindle so as to be rotatable therewith; 

and 

a wafer processing bowl arranged about said wafer support, said wafer 
processing bowl defining an exhaust gas flow profile of said wafer processing 
assembly. 



12. A wafer processing assembly comprising: 
a rotary spindle assembly comprising 

a rotary spinc^e coupled to said rotary drive motor; and 
a heat regulatfng flange secured to said rotary drive motor, said 
flange comprising an upper surface, a lower surface in contact with said 
rotary drive motor, a flange body defined between said upper surface and 
said lower surface, a rotary spindle passage aligned about said rotary 
spindle and extending through said flange body from said upper surface to 
said lower surface, a fluid Inlet, a fluid outlet, a fluid duct defined in said 
flange body and extending nrom said fluid inlet to said fluid outlet, and a 
temperature sensor positioned in thermal communication with said flange 
body proximate said rotary spindle passage; 
a liquid source coupled to said fluid du\ 

a controller coupled to said liquid sourc& and said temperature sensor, said 
controller being programmed to be responsive t\ a temperature signal generated by 
said temperature sensor; 

a wafer support secured to said rotary spindly so as to be rotatable therewith; 

and 
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\ 



a wafer processing bowl arranged about said wafer support, said wafer 
processing bowl defining an exhaust gas flow profile of said wafer processing 
assembly. \ 



1£: 



20 



25 



13. A method for regulatinaheat generated by a rotary spindle assembly comprising 
inputting a temperature signa\ generated by a temperature sensor and controlling a 
liquid source as a function of said temperature signal, wherein said rotary spindle 
assembly comprises: 

a rotary drive motor; 

a rotary spindle coupled to sfcid rotary drive motor; and 
a heat regulating flange secun^d to said rotary drive motor, said flange 
comprising 

an upper surface, 

a lower surface in contact with said rotary drive motor, 
a flange body defineq between said upper surface and said lower 
surface, 

a rotary spindle passagfe aligned about said rotary spindle and 
extending through said flange b<pdy from said upper surface to said lower 
surface, 

a fluid inlet, 

a fluid outlet, 

a fluid duct defined in said flar\ge body and extending from said 
fluid inlet to said fluid outlet, and 

said temperature sensor is positioned in thermal communication 
with said flange body proximate said rotary spindle passage, wherein said 
liquid source is coupled to said fluid duct. 
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14. A method oKprocessing a wafer in a wafer processing assembly comprising 
inputting a temperature signal generated by a temperature sensor and controlling a 
liquid source as a function of said temperature signal, wherein said wafer processing 
assembly comprises^ 

a rotary spindle^assembly comprising 
a rotary drive motor; 

a rotarv spindle coupled to said rotary drive motor; and 
a heatVegulating flange secured to said rotary drive motor, said 
flange comprising an upper surface, a lower surface in contact with said 

1(P rotary drive motor, a flange body defined between said upper surface and 

%y \ 

m said lower surfaca a rotary spindle passage aligned about said rotary 

^ spindle and extending through said flange body from said upper surface to 

*F said lower surface, afluid inlet, a fluid outlet, a fluid duct defined in said 

Vbr \ 

[0 flange body and extending from said fluid inlet to said fluid outlet, and said 

1EjU temperature sensor positioned in thermal communication with said flange 

body proximate said rotaW spindle passagej\wherein said liquid source is 
coupled to said fluid duct; 
'li a wafer support secured to said rotary spindle so &s to be rotatable therewith; 

and 

20 a wafer processing bowl arranged abdut said wafer support, said wafer 

processing bowl defining an exhaust gas flow profile of said wafer processing 
assembly. 



25 15. A rotary spindle assembly comprising: 
a rotary drive motor; 



30 



a rotary spindle coupled to said rotary drive motor; 
a heat regulating element comprising 



a regulating element frame defining a fluid inlet and a fluid outlet; 



and 
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fluid conduit extending from said fluid inlet to said fluid outlet, 

wherein 

said fluid conduit defines a substantially cylindrical 
heat regulation void, and 

said heat regulation void defines an inside diameter 
elected to accommodate an outside diameter of said rotary 
spindle and a circumferential gas flow path between said 
rotary spindle and said fluid conduit; and 
a heat regulating flange secured to said rotary drive motor, said flange 
10^ comprising 
Cm an upper surfac 

il a lower surface, 

*t a flange body defirted between said upper surface and said lower 

Co surface, 
15 3 a rotary spindle passage aligned about said rotary spindle and 

fi extending through said flange b^dy from said upper surface to said lower 

£3 surface, 
if a fluid inlet, 

a fluid outlet, 

20 a fluid duct defined in said flang^body and extending from said 

fluid inlet to said fluid outlet, and 

a temperature sensor positioned in thermal communication with 
said flange body proximate said rotary spindlte passage. 



25 



16. A rotary spindle assembly comprising: 
a rotary drive motor; 

a rotary spindle coupled to said rotary drive motor; 
a heat regulating element arranged about said rotary spindle anil comprising 
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^ regulating element frame defining a fluid inlet and a fluid outlet; 
and \ 

a fluid conduit extending from said fluid inlet to said fluid outlet, 
wherein \ 

said fluid conduit defines a substantially cylindrical 
t heat regulation void, and 

said heat regulation void defines an inside diameter 
selected to accommodate an outside diameter of said rotary 
spVidle and a circumferential gas flow path between said 
rotary spindle and said fluid conduit; 
a heat regulating flange secured to said rotary drive motor, said flange 
comprising 

an upper surface, 
a lower surface Vi contact with said rotary drive motor, 
a flange body defied between said upper surface and said lower 
surface, 

a rotary spindle passage aligned about said rotary spindle and 
extending through said flang^ body from said upper surface to said lower 
surface, 

a fluid inlet, 

a fluid outlet, 

a fluid duct defined in said flange body and extending from said 
fluid inlet to said fluid outlet, and 

a temperature sensor positioned in thermal communication with 
said flange body proximate said rotary spindle passage; 
at least one liquid source coupled to said fluid conduit and said fluid duct; and 
a controller coupled to said at least one liquid source and said temperature 
sensor, said controller being programmed to be responsive\o a temperature signal 
generated by said temperature sensor. 
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17. A wafer processing assembly comprising: 
a rotary spindle assembly comprising 
a rotary drive motor, 

a rotary spindle coupled to said rotary drive motor, 
5 a heat^regulating element comprising a regulating element frame 

defining a fluid inlet, a fluid outlet, and a fluid conduit extending from said 

fluid inlet to said fluid outlet, wherein said fluid conduit defines a 

\ 

substantially cylindrical heat regulation void, and said heat regulation void 

defines an inside diameter selected to accommodate an outside diameter 

\ 

1Ch of said rotary spindle and a circumferential gas flow path between said 

"1 rotary spindle and Send fluid conduit, and 
In J {j ' a heat regulating flange secured to said rotary drive motor, said 

^ flange comprising an ujtaer surface, a lower surface, a flange body 

H defined between said upper surface and said lower surface, a rotary 

Pin \ 

1S spindle passage aligned about said rotary spindle and extending through 

said flange body from said upper surface to said lower surface, a fluid 
W inlet, a fluid outlet, a fluid ducKdefined in said flange body and extending 

□ from said fluid inlet to said fluidXputlet, and a temperature sensor 

u positioned in thermal communication with said flange body proximate said 

20 rotary spindle passage; 

a wafer support secured to said rotary spindle so as to be rotatable therewith; 

and 

a wafer processing bowl arranged about said Wafer support, said wafer 
processing bowl defining an exhaust gas flow profile o\said wafer processing 
25 assembly. 



30 



18. A wafer processing assembly comprising: 
a rotary spindle assembly comprising 
a rotary drive motor, 
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rotary spindle coupled to said rotary drive motor, 
a Ineat regulating element arranged about said rotary spindle and 
comprising, a regulating element frame defining a fluid inlet, a fluid outlet, 
and a fluid conduit extending from said fluid inlet to said fluid outlet, 
5 wherein said fluid conduit defines a substantially cylindrical heat 

regulation voia. and said heat regulation void defines an inside diameter 
selected to accommodate an outside diameter of said rotary spindle and a 
circumferential gas flow path between said rotary spindle and said fluid 
conduit, and 

10Q a heat regulating flange secured to said rotary drive motor, said 

flange comprising an upper surface, a lower surface in contact with said 
'f? rotary drive motor, a flange body defined between said upper surface and 

said lower surface, a rotary spindle passage aligned about said rotary 
spindle and extending through said flange body from said upper surface to 
said lower surface, a fluid inlet, a fluid outlet, a fluid duct defined in said 
Co flange body and extending fram said fluid inlet to said fluid outlet, and a 

temperature sensor positioneaVin thermal communication with said flange 
S body proximate said rotary spindJe passage; 

at least one liquid source coupled to sai&fluid conduit and said fluid duct; 
20 a controller coupled to said liquid source and said temperature sensor, said 

controller being programmed to be responsive to a^temperature signal generated by 
said temperature sensor; 

a wafer support secured to said rotary spindle ^o as to be rotatable therewith; 

and 

25 a wafer processing bowl arranged about said waf&r support, said wafer 

processing bowl defining an exhaust gas flow profile of sand wafer processing 
assembly, wherein dimensions of said circumferential gas fldtw path between said rotary 
spindle and said fluid conduit are selected to avoid substantia\degradation of said 
exhaust gas flow profile. 

30 
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19. A method for regulating heat generated by a rotary spindle assembly comprising 
inputting a temperature signal generated by a temperature sensor and controlling at 
least one liquid source as a function of said temperature signal, wherein said rotary 
spindle assembly comprise^: 
5 a rotary drive motor; 

a rotary spindle coupled to said rotary drive motor; 

a heat regulating element arranged about said rotary spindle and comprising 
a regulating\element frame defining a fluid inlet and a fluid outlet; 

and 

1Gh a fluid conduit Extending from said fluid inlet to said fluid outlet, 

^ wherein 

Lfj saidVfluid conduit defines a substantially cylindrical 

^ heat regulation void, and 

™ said heat regulation void defines an inside diameter 

1 5 selected to accommodate an outside diameter of said rotary 

}q spindle and a circumferential gas flow path between said 

^ rotary spindle and said fluid conduit, wherein said liquid 

Q source is coupled to said fluid conduit; and 

™ a heat regulating flange secured to sarp rotary drive motor, said flange 

20 comprising 

an upper surface, 

a lower surface in contact vftth said jfotary drive motor, 
a flange body defined between said upper surface and said lower 
surface, 

25 a rotary spindle passage aligned about said rotary spindle and 

extending through said flange body frqn said upper surface to said lower 
surface, 

a fluid inlet, 

a fluid outlet, 
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a fluid duct defined in said flange body and extending from said 



fluid inlet to said fluid outlet, and 



V 



said temperature sensor is positioned in thermal communication 



with said flange body proximate said rotary spindle passage, wherein said 
liquid source is coupled to said fluid duct. 



20. A method of processing a wafenin a wafer processing assembly comprising 
inputting a temperature signal generated by a temperature sensor, controlling at least 
one liquid source as a function of saiduemperature signal, and establishing dimensions 
of a circumferential gas flow path between a rotary spindle and a fluid conduit to avoid 
substantial degradation of an exhaust gas flow profile, wherein said wafer processing 
assembly comprises: \ 
a rotary spindle assembly comprising 
a rotary drive motor, \ 

said rotary spindle coupled to said rotary drive motor, and 
a heat regulating element arranged about said rotary spindle and 
comprising a regulating element frame defining a fluid inlet, a fluid outlet, 
and said fluid conduit extending from said fluid inlet to said fluid outlet, 
wherein said fluid conduit defines a substantially/cylindrical heat 



selected to accommodate an outside diameter of saia rotary spindle and 
said circumferential gas flow path between said rotary spindle and said 
fluid conduit, wherein said liquid source iacoupled to said fluid conduit; 

a heat regulating flange secured to said rotary drive motor, said 
flange comprising an upper surface, a loweft surface in contact with said 
rotary drive motor, a flange body defined between said upper surface and 
said lower surface, a rotary spindle passage aYgned about said rotary 
spindle and extending through said flange bodwfrom said upper surface to 
said lower surface, a fluid inlet, a fluid outlet, a fluid duct defined in said 



regulation void, and said heat regulation void defirj 




inside diameter 
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flange body and extending from said fluid inlet to said fluid outlet, and said 
temperature sensor positioned in thermal communication with said flange 
body proximate said rotary spindle passage, wherein said liquid source is 
coupled to said fluid duct 
a wafer support secured to said rotary s^id|W-se-as to be rotatable therewith; 
and \ ? J 

a wafer processing bowl arranged stoout said wafer support, said wafer 
processing bowl defining said exhaust gas flpw profile of said wafer processing 
assembly. 



15- 



21 . A heat regulating element as claimed in claim 1 wherein said heat regulating 
element frame further defines at least one gas intake port, and wherein said gas intake 
port is in communication with said circumferential gas flow path. 

22. A heat regulating elemenKas claimed in claim 1 wherein said regulating element 
frame comprises a body including a cylindrical cut-out, and wherein said fluid conduit is 
arranged about the periphery of skid cylindrical cut-out. 



20 23. A heat regulating element as cla\jned in claim 1 wherein said fluid conduit 
\ c r-r comprises a length of tubing. 

A heat regulating element as claimed in claim 23 wherein said length of tubing is 
wound to define said substantially cylindrical heat regulation void. 

25 

25. A rotary spindle assembly as claimed in <3{aim 2 wherein said rotary spindle 
comprises a cylindrical shaft. 
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26. A rotary spindle assembly as claimed in claim 2 wherein said rotary spindle 
assembly further comprises a ring chuck arranged to support said heat regulating 
element. \ 

27. A rotary spindle assembly as claimed in claim 3 wherein said temperature sensor is 
positioned in said^pircumferential gas flow path. 

28. A rotary spindlaassembly as claimed in claim 3 wherein said temperature sensor is 
positioned to measure a temperature of liquid in said fluid conduit. 

29. A rotary spindle assembly as claimed in claim 3 wherein said controller is 
programmed to alter a rate of flow of fluid through said fluid conduit in response to a 
temperature signal generated by said temperature sensor. 

30. A rotary spindle assembly as claimed in claim 3 wherein said controller is 
programmed to alter a temperature of fluid in said fluid conduit in response to a 
temperature signal generated \>y said temperature sensor. 

31 . A heat regulating flange as claimed in claim 8 wherein said temperature sensor is 
embedded in said flange body. \ 

32. A heat regulating flange as claimed in claim 8 wherein said fluid duct is arranged 
about said passage. \ 

33. A rotary spindle assembly as claimedyi claim 16 wherein said at least one liquid 
source comprises a single liquid source coubled to said fluid conduit and said fluid duct. 

34. A rotary spindle assembly as claimed in claim 16 wherein said at least one liquid 
source comprises a first liquid source coupled to said fluid conduit and a second fluid 
source coupled to said fluid duct. 
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35. A rotary spindle assembly as claimed in claim 16 further comprising an additional 
temperature sensor cobjpled to said rotary spindle assembly, wherein said controller is 
coupled to said additional temperature sensor and is programmed to be responsive to a 
temperature signal generated by said additional temperature sensor. 



»31 of 32 -- 



